Abstract
Introduction
In the catalogue of readily available coordinating α-diimines, bis(imino)acenaphthene (BIAN) ligands such as I have gained some prominence over the last two decades. Although first reported in the 1960s, 1 the use of this class of ligand only became popular in the late 1990s.
The ability of neutral BIAN ligands to act as strong and rigid chelators for metals in a variety of oxidation states has given rise to a rich transition metal coordination and catalytic chemistry. 2 In particular, Elsevier and co-workers have reported the use of palladium and platinum aryl-BIAN complexes for catalytic C-C bond formation, hydrogenation and hydrosilylation reactions, 3 while Brookhart 4 and Coates 5 have demonstrated the efficiency of cationic nickel(II), palladium(II) and platinum(II) aryl-BIAN precatalysts in the polymerization of olefins. Due to the presence of the naphthalene backbone, BIAN ligands may also act as electron acceptors in the presence of strongly reducing metals. For example the addition of one, two, three or four equivalents of elemental sodium to I respectively , followed by radical attack of Et • to form complex IV. A similar alkyl transfer has also been observed in the reaction between n BuLi or MR 3 (M = group 13 metal, R = alkyl substituent) and I in non-coordinating solvents, leading to the formation of a imine-amido complex bearing an alkyl substituent on the carbon adjacent to the amide functionality. 15 More recently Cowley and co-workers also reported the double alkylation of the acenaphthene backbone of I in the C 4 and C 5 positions
by tert-butyllithium, via a radical dearomatization, two-electron reduction pathway, leading to the formation of complex V.
16
Our studies have focused on the coordination chemistry and catalytic properties of hitherto understudied alkaline earth complexes. 17 While rapid progress has been made over the past decade one major challenge remains the stabilization of heteroleptic species of the type [LAeR] (L = monoanionic ligand, Ae = alkaline earth dication, R = reactive co-ligand)
as the heavier alkaline earth metal complexes are prone to Schlenk- 19b Harder and co-workers have also reported several heteroleptic calcium, strontium and barium benzyl complexes for the catalytic polymerization of styrene. 20 More recently Carpentier and Sarazin have described a series of analogous heteroleptic heavier alkaline earth alkyl complexes, compounds VIIa-c, supported by a sterically demanding iminoanilide ligand, and reported their successful application as precatalysts for intra-and intermolecular hydroamination reactions. 21 We have reported that bis(imino)pyridine ligands undergo double deprotonation of the We have previously described in preliminary form, dearomatization reactions of dippsubstituted bis(imino)acenaphthenes with group 1 and group 2 derivatives of the sterically demanding bis(trimethylsilyl)methyl anion. 24 In this contribution we provide a complete description of this reactivity and the application of the resultant heteroleptic group 2 species for the intramolecular hydroamination of hindered aminoalkenes.
Experimental
General procedures. 2, 152.6, 148.0, 141.1, 140.8, 140.1, 137.8, 137.7, 137.6, 137.2, 137.1, 136.1, 135.1, 132.1 (C-3'), 128.1, 125.3, 123.8, 123.7, 123.5, 123 .0 (C-3/5'), 122.5 (C3/5'), 120.7, 119.3 (C-4'), 111.8 (C-4), 45. 1, 149.7, 148.2, 146.1, 143.3, 142.7, 138.8, 137.0, 132.5 (C-3'), 131.2, 126.4, 126.2, 124.5, 124.5 (C-3), 124.4, 124.0, 123.8, 123.5 (C-4), 123.1, 122.7 (C-5') , 122.6 (C-4'), 110.7 (C-2), 69.6 (THF, very broad), 38. 2, 149.0, 146.9, 143.3, 142.6, 138.6, 138.4, 132.4 (C-3'), 131.0, 126.3, 125.9, 124.5 (C-5'), 124.2, 124.3, 123.7, 123.1, 123.0, 122.9 (C-3) , 122.5 were dissolved in C 6 D 6 . The reaction mixture turns instantly dark green. 1 H NMR data evidenced the presence of three components among which were the heteroleptic barium alkyl complex, 6 (ca. 70%), and the homoleptic barium complex, 7 (ca. 20%). Upon recrystallization of the crude mixture from toluene at -30 o C for a week, orange crystals of compound 8 suitable for X-ray diffraction analysis were isolated from the reaction mixture.
The isolated amount of 8 was, however, insufficient for the acquisition of either NMR or elemental analysis data. Although attempts to separate 6 and 7 by fractional crystallization failed preventing the acquisition of elemental analysis data for compound 6, compound 7 was synthesized and analyzed by independent methods (vide infra). 1 H NMR ppm (C 6 D 6 ) for 6: 150.70, 150.69, 149.9, 147.69, 147.64, 143.7, 143.25, 143.22, 138.73, 138.70, 138.61, 138.56, 138.15, 138.23, 137.47, 137.57, 132.5, 131.1, 126.7, 126.0, 124.9, 124.65, 124.71, 124.6, 123.77, 123.73, 123.5, 122.3, 122.1, 109.22, 109.19, 68.0 (THF, broad) 
Notes on X-ray crystallographic refinements
Single crystal X-ray diffraction data were collected at 150 K on a Nonius KappaCCD diffractometer, equipped with an Oxford Cryosystem, using graphite-monochromated Mo Kα radiation (λ =0.71073 Å). Data were processed using the Nonius Software. 29 Crystal data, data collection and refinement parameters for 2, 8, and 9 are presented in Table 1 . Structure solution, followed by full-matrix least-squares refinement, was performed using the WINGX- Re-crystallization at room temperature in toluene afforded large dark green crystals of compounds 1 and 2 suitable for X-ray diffraction. Although the structure of compound 1 was described in our earlier communication, 24 and will, thus, not be described in detail here, selected bond length and angle data for both compounds are listed in Table 2 Figure 4 . Selected bond length and angle data are listed in Table 2 .
Compound 9 crystallizes as a mono-THF adduct and the five-coordinate calcium center (7) and 1.347 (7) Å] are significantly longer than the N1=C25 and N3=C68 bond lengths of the imine moieties [1.286 (7) and 1.278 (7) Thermal ellipsoids drawn at 30%
probability. Iso-propyl methyl groups and hydrogen atoms omitted except for those attached to the chiral centers C31 and C74.
Catalytic intramolecular hydroamination of hindered aminoalkenes
A preliminary comparison of turnover frequencies for the intramolecular hydroamination of 1-amino-2,2-diphenyl-4-pentene showed the calcium complex 4 to be by far superior to its magnesium and strontium analogues, with the order of reactivity being 4 > 5 >> 3 (Table 3, entries 1a-c). The same trend has been observed for the majority of previously described alkaline earth catalyzed hydroamination/cyclization reactions. 21, 24, 25, 33 Complex 4 of Schlenk equilibria started to become apparent. As already observed in the case of homoleptic alkaline earth dialkyl precatalysts and the heteroleptic iminoanilide species VIIac, the reactive bis(trimethylsilyl)methanide co-ligand of 4 greatly increases reactions rates compared to homoleptic or heteroleptic calcium bis(trimethylsilyl)amide precatalysts. 21, 24 This is due to the large pKa difference between CH 2 (SiMe 3 ) 2 24,33c and is most pronounced with the iminoanilide species, VIIa-c, which remain the most reactive precatalysts reported for hydroamination/cyclization reactions.
21
Complex 4 displayed the usual reactivity trends depending on the substitution pattern of the aminoalkene substrate. Substrates providing a favorable Thorpe-Ingold effect -i.e. with larger digeminal β-substituents -required lower precatalyst concentrations and shorter reaction times (Table 3 , entries 1-4). It is notable that the 2,2-diphenyl-substituted substrate provided essentially quantitative conversion to the corresponding pyrrolidine within the first point of analysis at room temperature using only 0.5 mol % of 4 (entry 1), while the simplest substrate, 1-amino-4-pentene, did not provide any reaction under the conditions tested (entry 4). In line with previous findings, catalytic turnover was also more efficient for smaller ring sizes, in the order of 5 > 6 >> 7 (entries 1b, 12b and 14b) and the calcium precatalyst, 4, was prone to induce alkene isomerization to internal positions for longer aminoalkene chains (entries 13b, 14b). In contrast to this latter observation the magnesium analogue afforded complete selectivity for the cyclized product (entries 12a, 14a). As has been previously observed with heteroleptic alkaline earth β-diketiminato species the calcium pre-catalyst, 4, proved incapable of effecting the cyclization of 1-amino-2,2-diphenyl-6-heptene to the corresponding hexahydroazepine, even under forcing conditions (entry 15b). 25,33a In contrast the magnesium precatalyst, 3 (20 mol %), provided clean and near-quantitative conversion to the desired seven-membered N-heterocycle over 24 hours at 80 o C (entry 15a). In comparison the n-butyl magnesium β-diketiminate derivative required 5.5 days at 80 o C to achieve only 88% conversion. 25 Internal substitution of the alkene moiety only caused a small decrease in reactivity (entry 6), whereas the activated terminally substituted substrate, 1-amino-2,2,5-triphenyl-4-pentene, was smoothly converted to the corresponding pyrrolidine under even milder conditions than the parent 1-amino-2,2-diphenyl-4-pentene (entry 1b). Most notable, 
Conclusion
In conclusion we have shown that reactions of a dipp-substituted bis(imino)acenaphthene with a range of sterically demanding potassium alkyl or heavier alkaline earth dialkyl reagents result in facile dearomatization through alkyl transfer to the C 5 -position of the conjugated acenaphthene system. The resultant heteroleptic group 2 derivatives display enhanced kinetic stability to Schlenk-type redistribution equilibria which we suggest is a consequence of both the steric demands of the N-dipp and the rigidity provided by the deraromatized fused ring acenaphthene ligand backbone. Facile solution exchange is encountered, however, when the.bis(trimethylsilyl)methyl substituent is replaced by an anionic ligand of lower overall steric demands. An assessment of the heteroleptic group 2 compounds as precatalysts for the intramolecular hydroamination of aminoalkenes evidences enhanced reactivity which we ascribe to the greater solution stability of the catalytically active species. Most notably the calcium species, 4, may even be applied to the high yielding cyclization of substrates bearing alkyl substitution at either of the alkenyl positions. We are continuing to study this chemistry and to elaborate the application of these easily accessed organometallic species to a broader spectrum of demanding stoichiometric and catalytic reactions.
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